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1
IMAGE PROCESSING CIRCUIT AND
SEMICONDUCTOR INTEGRATED CIRCUIT

TECHNICAL FIELD

The present invention relates to an image processing
circuit and a semiconductor integrated circuit that include a
pipeline register and perform image processing on image
data by pipeline processing.

BACKGROUND ART

Color image data or the like is image data formed of pixel
data of N bits (N is an integer equal to or greater than two).
As image processing on such image data, data conversion
processing is widely performed for image quality improve-
ment, expansion, reduction and the like. The image data is
normally pixel value data acquired by scanning the image
for every pixel line. As a method for realizing high-speed
processing, pipeline processing (parallel processing) is used
for the data conversion processing (image processing) on
such image data. In this pipeline processing, many pipeline
registers are used.

The pipeline register used for the image processing nor-
mally has a plurality of flip-flop circuits which are provided
per bit of the image data. The plurality of flip-flop circuits
are supplied with a common clock signal for their operation
and hold the image data.

However, in the pipeline processing, as the content of the
image processing becomes more complicated, the number of
required flip-flop circuits increases. As a result, the power
consumption in the switching operation of each flip-flop
circuit increases. Especially, since portable electronic
devices such as a digital camera and a portable information
terminal are mainly battery-powered, it is desirable to per-
form image processing with as low power consumption as
possible.

Therefore, in order to achieve an image processing circuit
with low power consumption, applying the technology dis-
closed in PTL 1 to the flip-flop circuits of an image pro-
cessing circuit is a possible solution.

The technology disclosed in PTL 1 (hereinafter “related
art”) provides a synchronization register that receives, as
input, higher order 8 bits of 16-bit input data. Moreover, the
related art provides a synchronization register that receives,
as input, lower-order 8 bits of the 16-bit input data. Further,
the related art provides a comparison circuit and a clock
gating control circuit for every synchronization register.

The comparison circuit determines whether the input
value and output value (both are 8 bits) of the synchroni-
zation register are the same. When it is determined that the
input value and the output value are the same, the clock
gating control circuit controls the supply of a clock signal to
the synchronization register. That is, the clock gating control
circuit prevents the clock signal from being supplied to the
synchronization register. Moreover, even in a case where the
higher order 8 bits of input data are invalid, the clock gating
control circuit for the higher order 8 bits stops the supply of
the clock signal to the synchronization register for the higher
order 8 bits.

In a case where the input value and output value of the
synchronization register are the same, since the value to be
held does not change, it can be said that the switching
operation of the synchronization register is a useless opera-
tion. Therefore, such a related art can reduce the useless
switching operation of the synchronization register. That is,
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2

the related art can reduce the power consumption of the
synchronization register without impairing the function of
the synchronization register.

In a case where the input value and output value of a
flip-flop circuit in an image processing circuit are the same,
it can be said that the switching operation is a useless
operation. Therefore, applying the related art to each flip-
flop circuit of the image processing circuit allows the image
processing circuit to attempt a reduction in the power
consumption.

CITATION LIST
Patent Literature

PTLI1
Japanese Patent Application Laid-Open No. 2008-134926

SUMMARY OF INVENTION
Technical Problem

However, there is a problem of difficulty in actually
reducing the power consumption in an image processing
circuit even if the related art is applied because of the
following reasons.

In the case of image data (especially, image data with a
large number of colors), all values of multiple bits of the
same value are less likely to be consecutive, so that the
supply of a clock signal is hardly stopped. Moreover, to
avoid this, it is possible to provide a comparison circuit and
a clock gating control circuit for every bit. However, in this
case, the number of comparison circuits increases. More-
over, in the case of image data, since there are only few cases
where a partial bit range can be treated as invalidity, there is
less chance to stop the clock signal supply corresponding to
the invalid bit.

An object of the present invention is to provide an image
processing circuit and a semiconductor integrated circuit
that can perform pipeline processing on image data with
reduced power consumption.

Solution to Problem

An image processing circuit according to this disclosure
includes: an input section that receives, as input, image data
having pixel data of N bits (N is an integer equal to or greater
than two); an image processing section that performs pipe-
line processing on the image data based on a clock signal;
and an output section that outputs data acquired by the
pipeline processing, in which the image processing section
includes a pipeline register, in which the pipeline register
includes: a higher-order n-bit register that receives, as input,
data of higher-order n-bits of held data; a lower-order 1-bit
register that receives, as input, lower-order 1-bit data of the
held data; a comparison circuit that determines whether an
input value of the higher-order n-bit register and an output
value of the higher-order n-bit register are identical; and a
clock gating control circuit that controls supply of the clock
signal to the higher-order n-bit register such that the clock
signal is not supplied to the higher-order n-bit register when
the comparison circuit determines that the input value and
the output value are identical, in which the pipeline register
comprises no circuit which controls the supply of the clock
signal to the lower-order 1-bit register and holds image data
or an operation result in the course of pipeline processing.
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Advantageous Effects of Invention

According to the present disclosure, it is possible to
perform pipeline processing on image data with reduced
power consumption.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a configuration diagram illustrating an example
of a configuration of an image processing circuit according
to Embodiment 1 of the present invention;

FIG. 2 is a configuration diagram illustrating an example
of a filter configuration according to Embodiment 1;

FIG. 3 is a configuration diagram illustrating another
example of a filter configuration according to Embodiment
L

FIG. 4 is a circuit configuration diagram illustrating an
example of a data path configuration according to Embodi-
ment 1;

FIG. 5 is a circuit configuration diagram illustrating an
example of a configuration of a pipeline register according
to Embodiment 1;

FIG. 6 is a circuit configuration diagram illustrating an
example of a configuration of a comparison circuit accord-
ing to Embodiment 1;

FIG. 7 is a circuit configuration diagram illustrating an
example of a configuration of a clock gating control circuit
according to Embodiment 1;

FIG. 8 illustrates an example of timing charts of input/
output signals in a clock gating control circuit according to
Embodiment 1;

FIG. 9 illustrates an example of a timing chart of each
signal in a pipeline register according to Embodiment 1;

FIG. 10 is a configuration diagram illustrating an example
of a configuration of an image processing circuit according
to Embodiment 2 of the present invention;

FIG. 11 is a circuit configuration diagram illustrating an
example of a configuration of a pipeline register according
to Embodiment 2;

FIG. 12 is a circuit configuration diagram illustrating an
example of a configuration of a comparison circuit accord-
ing to Embodiment 2;

FIG. 13 is a configuration diagram illustrating an example
of a configuration of an image processing circuit according
to Embodiment 3 of the present invention;

FIG. 14 is a circuit configuration diagram illustrating an
example of a data path configuration according to Embodi-
ment 3; and

FIG. 15 is a circuit configuration diagram illustrating an
example of a configuration of a comparison circuit accord-
ing to Embodiment 3.

DESCRIPTION OF EMBODIMENTS

In the following, each embodiment of the present inven-
tion is described in detail with reference to the drawings.

Embodiment 1

In the following, an explanation about an image process-
ing circuit according to Embodiment 1 of the present inven-
tion is given in order from the overall configuration to
specific configurations.

<Overall Configuration of Image Processing Circuit>

First, the overall configuration of the image processing
circuit is described.
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FIG. 1 is a configuration illustrating an example of a
configuration of the image processing circuit according to
the present embodiment.

In FIG. 1, image processing circuit 100 is an apparatus
that reads and receives image data from an external memory
(not illustrated) and performs various kinds of conversion
processing (image processing) on the input image data. For
example, image processing circuit 100 is mounted on a
semiconductor integrated circuit in a digital camera or a
portable information terminal.

Here, in the present embodiment, it is assumed that image
data input to image processing circuit 100 is image data
having pixel data of N bits (N is an integer equal to or greater
than two). Moreover, in a case where the upper left position
is assumed to be the origin of coordinates, the image data
input to image processing circuit 100 is data of the pixel
value to be acquired by raster scanning in the horizontal
direction in order from the upper left position for every pixel
line of the image. When performing conversion processing
on a per frame basis, for example, image processing circuit
100 repeats the processing for every scanning line in order
of the raster scanning.

Image processing circuit 100 includes input DMA (Direct
Memory Access) 101, first line buffer 102, first filter 103,
second filter 104, second line buffer 105, third filter 106,
output DMA 107 and control section 110. Here, in the
present embodiment, an explanation is given with an
assumption that the image processing section includes first
filter 103, second filter 104 and third filter 106. However, the
configuration of the image processing section is not limited
to this configuration. Any image processor can be used as
long as the image processor is configured to apply various
kinds of pipeline conversion processing (image processing)
on image data.

Input DMA 101 is a DMA circuit which becomes an input
circuit to receive image data. To be more specific, input
DMA 101 sequentially reads the image data on a per pixel
line basis from a predetermined frame buffer area of an
external memory (not illustrated) (read transfer). Further,
input DMA 101 transfers the read image data of each pixel
line (which is referred to as “line data” below) to first line
buffer 102.

First line buffer 102 temporarily stores the line data
transferred from input DMA 101. First line buffer 102 stores
at least line data for the number of lines required for
processing in first filter 103, which follows first line buffer
102. For example, in a case where consecutive data of four
lines in the vertical direction is required for the processing
in first filter 103, first line buffer 102 has a buffer area
capable of storing the line data for four lines or more.

First filter 103 receives each line data stored in first line
buffer 102. Further, first filter 103 performs pipeline pro-
cessing (image processing) on the input line data in syn-
chronization with a clock signal.

To be more specific, first filter 103 is a filter circuit which
performs predetermined conversion processing such as
noise removal processing on the input line data. First filter
103 reads and receives the line data for a required number
of lines (that is, for a required pixel number in the vertical
direction of an image) from first line buffer 102 at the same
timing. At this time, first filter 103 sequentially receives data
on a per pixel basis in the direction from the left edge pixel
of'the image to the right edge pixel such that data of the same
pixel position is input between multiple items of line data at
the same timing. Here, the same pixel position indicates that
the position in the horizontal direction of the image is
identical.
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Further, first filter 103 outputs line data acquired as a
result of the image processing to second filter 104.

Second filter 104 performs pipeline processing on each
line data input from first filter 103 in synchronization with
the clock signal. To be more specific, second filter 104 is a
filter circuit which performs predetermined conversion pro-
cessing such as edge enhancement filter processing on the
input line data. Further, second filter 104 outputs line data
acquired as a result of the image processing to second line
buffer 105.

Second line buffer 105 temporarily stores each line data
received from second filter 104. Second line buffer 105
stores at least line data for the number of lines required for
processing in third filter 106, which follows second buffer
105.

Third filter 106 receives each line data stored in second
line buffer 105 and performs pipeline processing on the
received line data in synchronization with the clock signal.

To be more specific, third filter 106 is a filter circuit which
performs predetermined conversion processing on the
received line data. This predetermined conversion process-
ing is, for example, color space conversion processing from
the YUV system to the RGB system or in the opposite
direction. Third filter 106 reads and receives the line data for
a required number of lines (that is, for a required number of
pixels in the vertical direction of the image) from second line
buffer 105 at the same timing.

Further, third filter 106 outputs line data acquired as a
result of the image processing to output DMA 107.

Output DMA 107 is a DMA circuit which is an output
section to output the image data. Output DMA 107 writes
each line data received from third filter 106 in a frame buffer
area of an external memory in the order of received data
(write transfer).

Control section 110 controls input DMA 101 to output
DMA 107 according to a set parameter such that image data
for one frame is processed on a per pixel line basis in the
horizontal direction in order from the upper left edge. Here,
in order to control details of the pipeline processing opera-
tion, control section 110 may be configured to additionally
include a (unillustrated) controller in each line buffer and
filter of first line buffer 102 to third filter 106.

In the above-mentioned configuration, first line buffer 102
to third filter 106 form the image processing section which
performs pipeline processing on image data in synchroni-
zation with a clock signal. However, as mentioned below,
this image processing section has a configuration that allows
image processing with reduced power consumption. More-
over, individual filters, a data path described below or each
pipeline register may be interpreted as an image processor
which performs the pipeline processing on the image data on
the basis of a clock signal.

<Overall Configuration of Filter Circuit>

Next, the overall configurations of first to third filters 103,
104 and 106 are described.

In the present embodiment, first to third filters 103, 104
and 106 may employ any configuration as long as the
configuration allows the filters to perform pipeline process-
ing on image data, and the configuration is not limited to any
specific configuration. Therefore, the common part of the
configurations of first to third filters 103, 104 and 106 is
referred to as “filter 200.” and the configuration of filter 200
is described.

FIG. 2 is a configuration diagram illustrating an example
of the configuration of filter 200 in a case where input line
data (image data) is in the YUV format.
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As illustrated in FIG. 2, for example, filter 200 has first to
third data paths 201 to 203. First to third data paths 201 to
203 are a data path for the Y component, a data path for the
U component and a data path for the V component in this
order.

Each line data input to filter 200 is separated into the Y
component, the U component and the V component. Further,
each separated component is input to the corresponding one
of first to third data paths 201 to 203 and subjected to
conversion processing.

First to third data paths 201 to 203 perform pipeline
processing with the same pipeline stage number and output
data of the same pixel position at the same timing. Each
calculator configuration of first to third data paths 201 to 203
depends on the content of conversion processing to be
performed by filter 200. Moreover, the presence or absence
of connection between first to third data paths 201 to 203 and
the configurations also depend on the content of the con-
version processing to be performed by filter 200. For
example, processing in which the halfway operation result
of the Y component is used for operation processing of the
U component may be performed. In this case, for example,
the halfway operation result in first data path 201 is given as
an input of a desired pipeline position of second data path
202.

Here, even in a case where line data is in the RGB format,
similarly, a configuration is provided in which the data path
of each color component is separated and arranged. On the
other hand, the configuration becomes a little different in a
case where filter 200 performs conversion processing from
the YUV format to the RGB format on line data.

FIG. 3 is a configuration diagram illustrating an example
of the configuration of filter 200 in a case where filter 200
performs conversion from the YUV format to the RGB
format.

As illustrated in FIG. 3, for example, filter 200 has data
path 204 in which each color component is not separated.
Data path 204 performs operation processing between data
of'the Y component, the U component and the V component.

<Internal Configuration of Data Path>

Next, the configurations of first to third data paths 201 to
203 and data path 204 in filter 200 are described.

In the present embodiment, first to third data paths 201 to
203 and data path 204 may employ any configuration as long
as the configuration allows the data paths to perform con-
version processing by pipeline processing, and the configu-
ration is not limited to any specific configuration. Therefore,
the common part of the configurations of first to third data
paths 201 to 203 and data path 204 is referred to as “data
path 300.” In the following, the configuration of data path
300 is described.

Moreover, in the following explanation, it is assumed that
data of each color component of image data (line data) is, for
example, data of 8-bit (bit) color (256 colors). Moreover, in
the line data, a part corresponding to one pixel is referred to
as “pixel data.” That is, each color component of the pixel
data is 8 bits. Further, it is assumed that data path 300
receives and processes four items of line data (line data for
four pixel lines) at the same time. Here, it is assumed that
data path 300 is a data path with respect to pixel data of one
color component. That is, data path 300 corresponds to each
data path of first to third data paths 201 to 203.

FIG. 4 is a circuit configuration diagram illustrating an
example of the configuration of data path 300.
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As illustrated in FIG. 4, data path 300 includes pipeline
registers 301A to 301D, 302A to 302D, 303A to 303D, 304A
to 304D, 312A and 312B, 313A and 314A and operation
circuits 321 to 323.

Each of pipeline registers 301A to 304D among pipeline
registers 301A to 314A is a register which holds the value of
pixel data of each color component to be received. Pipeline
registers 301A to 304D are respectively constituted by shift
registers. Further, pipeline registers 301A to 304D output
input data to an operation circuit on the corresponding
pipeline stage among operation circuits 321 to 323. That is,
pipeline registers 301A to 304D sequentially receive con-
secutive pixel data on a per line basis and sequentially hold
input pixel data.

Here, pipeline registers 312A and 312B, 313A and 314A
among pipeline registers 301A to 314A are registers which
store the intermediate processing result of operation pro-
cessing in the pipeline processing. In data path 300, each
held bit number in pipeline registers 312A and 312B, 313A
and 314A is, for example, 9 bits.

Operation circuits 321 to 323 are operation circuits on
respective pipeline stages. Operation circuits 321 to 323
realize a desired logical operation by a combination circuit
combining circuits that perform, for example, an arithmetic
operation such as multiplication, addition and subtraction,
and clipping processing.

Here, the configuration of data path 300 is not limited to
the configuration illustrated in FIG. 4. In data path 300,
pipeline registers may be disposed only on a necessary stage
among pipeline stages of the image processing. Moreover,
the bit number of pixel data to be received or the bit number
in the intermediate processing result of an operation circuit
is not limited to the above-mentioned configuration, and it
may be 10 bits, 12 bits or 16 bits.

In data path 300, as the number of pixel lines increases,
it requires more pipeline registers disposed in the vertical
direction (that is, in parallel). In data path 300, as the number
of pipeline stages increases, it requires more pipeline reg-
isters disposed in the horizontal direction (that is, in series).
That is, the number of pipeline registers varies depending on
the content of processing to be performed in data path 300.
As the number of pipeline registers increases, the effect of
reducing power consumption and the effect of avoiding an
increase in circuit scale, which are described below, become
more remarkable.

<Configuration of Pipeline Register>

Next, the configurations of pipeline registers 301A to
304D in data path 300 are described.

In the present embodiment, pipeline registers 301A to
314A employ any configuration as long as the configuration
allows the pipeline registers to hold input data for a prede-
termined bit number, and the configuration is not limited to
any specific configuration. Therefore, the common part of
the configurations of pipeline registers 301A to 314A is
referred to as “pipeline register 400.” In the following, the
configuration of pipeline register 400 is described.

FIG. 5 is a circuit configuration diagram illustrating an
example of the configuration of pipeline register 400.

As illustrated in FIG. 5, pipeline register 400 has multiple
higher-order bit flip-flop (FF) circuits 401, multiple lower-
order bit flip-flop circuits 402, comparison circuit 403 and
clock gating control circuit 404.

Higher-order bit flip-flop circuit 401 is a register for n
higher-order bits which receives data of n higher-order bits
of held data as input. Here, five higher-order bit flip-flop
circuits 401 are installed in parallel. For example, it is
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8
assumed that five higher-order bit flip-flop circuits 401 hold
5 bits on the higher side (MSB) of pixel data of 8 bits.

Lower-order bit flip-flop circuit 402 is a register for 1
lower-order bit which receives data of 1 lower-order bit of
held data as input. Here, three lower-order bit flip-flop
circuits 402 are installed in parallel. For example, it is
assumed that three lower-order bit flip-flop circuits 402 hold
3 bits on the lower side (LSB) of pixel data of 8 bits.

Here, higher-order bit flip-flop circuit 401 and lower-
order bit flip-flop circuit 402 are normal data-entry-type
flip-flop circuits. Here, although no illustration is given in
particular, a reset input may be added to higher-order bit
flip-flop circuit 401 and lower-order bit flip-flop circuit 402
if necessary.

Comparison circuit 403 receives an input value of 5 bits
with respect to five higher-order bit flip-flop circuits 401 and
an output value of 5 bits from five higher-order bit flip-flop
circuits 401. In the following, the input value of 5 bits with
respect to five higher-order bit flip-flop circuits 401 is
referred to as “higher-order bit input value.” Moreover, the
output value of 5 bits from five higher-order bit flip-flop
circuits 401 is referred to as “higher-order bit output value.”
Comparison circuit 403 compares the higher-order bit input
value and the higher-order bit output value to determine
whether they are the same.

FIG. 6 is a circuit configuration diagram illustrating one
example of the configuration of comparison circuit 403.

As illustrated in FIG. 6, for example, comparison circuit
403 is constituted by 5 two-input EXOR gates 411 and one
five-input OR gate 412.

Comparison circuit 403 performs matching detection
between higher-order bit input values inD3 to inD7 of 5 bits
and higher-order bit output values outD3 to outD7 of 5 bits.
Further, comparison circuit 403 outputs a detection result
(nCmp). In a case where higher-order bit input values inD3
to inD7 and higher-order bit output values outD3 to outD7
completely match, comparison circuit 403 outputs a signal
of “0” as a detection result (nCmp). Moreover, in a case
where higher-order bit input values inD3 to inD7 and
higher-order bit output values outD3 to outD7 do not match
even in 1 bit, comparison circuit 403 outputs a signal of “1”
as a detection result (nCmp).

When comparison circuit 403 determines that the higher-
order bit input values and the higher-order bit output values
are the same, clock gating control circuit 404 in FIG. 5 does
not supply the next clock signal (CLK) to higher-order bit
flip-flop circuit 401.

FIG. 7 is a circuit configuration diagram illustrating an
example of the configuration of clock gating control circuit
404.

As illustrated in FIG. 7, for example, clock gating control
circuit 404 is constituted by latch circuit (LAT) 421 and
AND gate 422.

Latch circuit 421 latches the output (EN and detection
result n"Cmp) of comparison circuit 403 to be received as an
enable signal, on the basis of the falling edge of a clock
signal (CLK) to be received from the outside (not illus-
trated).

AND gate 422 outputs a logical product of the output
(latched value) of latch circuit 421 and the clock signal
(CLK).

In a case where enable signal EN becomes 1 with respect
to the clock signal (CLK) that is always supplied, clock
gating control circuit 404 outputs clock GCLK. That is,
clock gating control circuit 404 is a general clock gating
control circuit.
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Here, a circuit and operation related to a write enable
control signal clock and gating control by the signal are not
directly related to the content of the present disclosure and
therefore individual explanation is omitted.

FIG. 8 is an example of the timing charts of input/output
signals of clock gating control circuit 404.

Clock gating control circuit 404 outputs the next clock
signal (CLK) to segment 501 in which the output (EN) of
comparison circuit 403 is “1,” as a clock signal (GCLK).
That is, such segment 501 is a segment in which the
higher-order bit input value and the higher-order bit output
value do not match.

In pipeline register 400, held pixel data is updated at the
rising edge of the clock signal (CLK). When the pixel data
is updated, comparison circuit 403 determines whether the
input and output of pipeline register 400 match with each
other. In a case where the determination result is “1,” the
input and the output do not match. Accordingly, in this case,
clock gating control circuit 404 outputs the next clock signal
(CLK) as a clock signal (GCLK). Therefore, clock gating
control circuit 404 latches the output (EN) of comparison
circuit 403 at the falling timing of the clock signal (CLK) in
latch circuit 421.

Further, clock gating control circuit 404 can surely gen-
erate the clock signal (GCLK) by the output (LAT output) of
latch circuit 421 which is a waveform shifting the output
(EN) of comparison circuit 403 by a half clock.

On the other hand, clock gating control circuit 404 outputs
the next clock signal (CLK) to segment 502 in which the
output (EN) of comparison circuit 403 is “0,” as a signal
(GCLK) in which “0” continues. Such segment 502 is a
segment in which the higher-order bit input value and the
higher-order bit output value match. That is, such segment
502 is a segment in which the flip-flop operation of higher-
order bit flip-flop circuit 401 is not necessary.

That is, while a signal indicating the determination result
is “1,” clock gating control circuit 404 supplies the clock
signal to each of five higher-order bit flip-flop circuits 401.
Further, while the signal indicating the determination result
is “0,” clock gating control circuit 404 blocks the supply of
the clock signal to each higher-order bit flip-flop circuit 401
(gating).

This blocking is performed because, as mentioned above,
the input value to each higher-order bit flip-flop circuit 401
is the same as the value (output value) that has already been
held. That is, this blocking is performed because it is not
necessary to write a new value. As a result, it is possible to
reduce the number of switching operations in the clock input
line part of higher-order bit flip-flop circuit 401 and reduce
the power consumption of higher-order bit flip-flop circuit
401. Here, while the supply of the clock signal is blocked,
higher-order bit flip-flop circuit 401 keeps holding the value
written at the end.

Here, as illustrated in FIG. 5, pipeline register 400 directly
receives the clock signal to be output from control section
110 to lower-order bit flip-flop circuit 402, without via a
circuit that performs clock gating. That is, pipeline register
400 does not have a circuit that controls the supply of the
clock signal to lower-order bit flip-flop circuit 402 (such as
a comparison circuit and a clock gating circuit).

Here, as for pipeline registers 312A, 312B, 313A and
313B, held data becomes 9 bits. Therefore, as for the bit
widths of the higher side bits and the lower side bits, for
example, they may be formed such that the higher side bits
that are the connection target of the comparison circuit and
the clock gating control circuit are 6 bits and the excluded
lower side bits are 3 bits. Thus, in the present embodiment,
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taking into account the bit width of data to be held by a
pipeline register and the influence of a held halfway opera-
tion result to a matching frequency characteristic, it is also
possible to increase and/or decrease the bit width of the
higher side bits to be targeted by each pipeline register.

Processing Timing of Pipeline Processing>

Next, the waveform of each signal in pipeline register 400
is described with reference to a specific example.

FIG. 9 illustrates an example of the timing chart of each
signal at the time of pipeline processing in pipeline register
400. In FIG. 9, the pixel position corresponding to each pixel
data is additionally illustrated as a reference.

As illustrated in FIG. 9, in segments of pixel positions PO
to P7, it is assumed that control signal V1d is “1” showing
that pixel data inD (including 3 bits of the lower-order bits
and higher-order bit inD[7:3]) is valid. Pipeline register 400
acquires pixel data of positions (horizontal coordinates) PO
to P7 of input pixels by detecting a segment in which control
signal V1d is “1.”

In FIG. 9, Dx, Da and Db to Dd that are higher-order bit
input value inD[7:3] and high-bit output value outD[7:3] are
assumed to express respective different values. Here, higher-
order bit input value inD[7:3] is higher-side 5 bits of input
pixel data to pipeline register 400. Moreover, higher-order
bit output value outD[7:3] is held data of pipeline register
400.

It is assumed that the value is the same as the previous
adjacent pixel in the segments of pixel positions P2 to P4
and P6. In this case, as illustrated in FIG. 9, while higher-
order bit input value inD[7:3] corresponds to pixel positions
P2 to P4 and P6, output signal nCmp of comparison circuit
403 is “0.” As a result, as illustrated in FIG. 9, while
lower-order bit input value outD[7:3] corresponds to pixel
positions P2 to P4 and P6, output signal GCLK of clock
gating control circuit 404 is “0.” That is, the supply of clock
signal CLK to higher-order bit flip-flop circuit 401 is
stopped.

Here, clock signal CLK is always supplied to lower-order
bit flip-flop circuit 402 in a segment in which at least control
signal V1d is “1.”

In the case of image data, in pixel data of each color
component, there is a tendency that adjacent pixels are
highly likely to match in the higher side bits and adjacent
pixels are less likely to match in the lower side bits. In other
words, in the pixel data of each color component, as com-
pared with the values of the higher-order bits, the same value
is less likely to continue in the lower-order bits.

Therefore, in the case of image data, even if clock gating
is performed in the lower-order bits, it is very less likely to
block the clock signal in most segments. Therefore, in the
case of the image data, it can be said that the power
consumption required for the operation of the comparison
circuit is useless in most segments.

For this reason, as described above, in image processing
circuit 100 according to the present embodiment, a com-
parison circuit and a clock gating control circuit are not
provided for lower-order bit flip-flop circuit 402. That is,
image processing circuit 100 according to the embodiment
is designed not to perform clock gating in lower-order bit
flip-flop circuit 402. Further, in image processing circuit
100, the comparison circuit and the clock gating control
circuit are provided only for the higher side bits in which a
lot of chances are expected to execute clock gating.

With this configuration, image processing circuit 100 can
reduce an increase of power consumption in operation of the
comparison circuit and perform pipeline processing on
image data with reduced power consumption. Moreover,
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image processing circuit 100 can avoid an increase in circuit
resources required for every pipeline register, as compared
with a case where the comparison circuit and the clock
gating control circuit are installed for lower-order bit flip-
flop circuit 402.

Here, the optimum value of the number of higher-order
bits (5 bits in the present embodiment) subject to clock
gating control depends on the content and type of image
data. In a case where pixel data of each color component is
8 bits, the present inventors have acquired an evaluation
result that it is possible to acquire generally favorable results
for various kinds of image data by setting any of bit numbers
of higher-side 4 to 6 bits as a target of clock gating control.

Moreover, in a configuration in which the data path of
each color component is independent as illustrated in FIG.
2, image processing circuit 100 may adopt a configuration in
which the number of higher-order bits subject to clock
gating control varies for every color component. That is, the
bit range of image data of data to be input to a flip-flop
circuit to which the comparison circuit and the clock gating
control circuit are connected may vary for every color
component.

For example, higher-side 5 bits are assumed as the target
of clock gating control in first data path 201 of the Y
component. Further, higher-side 6 bits are assumed as the
object of clock gating control in second and third data paths
202 and 203 of the U component and the V component. Such
a configuration is effective in a case where the width of a bit
range (optimal bit width) in which the value is less likely to
change tends to be larger in the U component and the V
component than the Y component.

Thus, image processing circuit 100 enables a further
reduction in power consumption by optimizing the bit range
subject to clock gating control in each color component.

As described above, image processing circuit 100 accord-
ing to the present embodiment has the image processor
which performs pipeline processing on image data in syn-
chronization with a clock signal. Further, the image pro-
cessing includes control based on the image data on the
supply of the clock signal to a higher-order n-bit register but
does not perform such control on the supply of the clock
signal to a lower 1-bit register. That is, the image processing
according to the present embodiment does not require a
comparison circuit and a clock gating control circuit for the
lower 1-bit register.

With this configuration, image processing circuit 100
according to the present embodiment can perform pipeline
processing on image data with reduced power consumption,
and avoid an increase in circuit scale because of the reduc-
tion of the power consumption.

Here, it is assumed that image processing circuit 100
performs repetitive processing on a per pixel line basis of an
image in the above-mentioned explanation, but the process-
ing unit is not limited to pixel lines. For example, image
processing circuit 100 may perform conversion processing
in units of blocks (division areas) obtained by dividing the
image into rectangle areas.

Moreover, image processing circuit 100 may provide a
comparison circuit for every higher-order bit flip-flop circuit
instead of collectively providing a single comparison circuit
to multiple higher-order bit flip-flop circuits. However, as
mentioned above, an increase in power consumption in
comparison operation and an increase in circuit scale are
further reduced when a single comparison circuit is collec-
tively provided in image processing circuit 100.
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Embodiment 2

Embodiment 2 of the present invention is an example of
stopping the operation of a comparison circuit in a case
where the operation of the comparison circuit is not neces-
sary.
<Overall Configuration of Image Processing Circuit>
FIG. 10 is a configuration diagram illustrating an example
of'the configuration of an image processing circuit according
to the present embodiment, which corresponds to FIG. 1 in
Embodiment 1. The same reference numerals are assigned to
the same parts as those illustrated in FIG. 1 and explanation
thereof is omitted.

In FIG. 10, in addition to the configuration illustrated in
FIG. 1, image processing circuit 100a has correlation level
detection section 108a disposed between input DMA 101
and first line buffers 102. Moreover, image processing
circuit 100a has control section 110a including comparison
processing mode control section 111a, in place of control
section 110 in FIG. 1.

Correlation level detection section 108a acquires the
correlation level indicating the matching frequency between
adjacent pixels from image data. Here, the adjacent pixels
are pixels adjacent in the horizontal direction among adja-
cent pixels in the input image in a case where the scanning
direction of the image is the horizontal direction. To be more
specific, correlation level detection section 108a receives
line data to be output from input DMA 101, transfers the data
to first line buffer 102 and extracts the correlation level from
the line data at that time. Further, correlation level detection
section 108a sequentially outputs the acquired correlation
level to comparison processing mode control section 111a.

To be more specific, correlation level detection section
108a counts the number of parts at which the pixel values
match between adjacent pixels on line data. For example,
correlation level detection section 108a totals the count
value using a pixel line, a frame or a division area resulting
from division of the frame into rectangles, as a unit. Further,
correlation level detection section 108a calculates the fre-
quency at which the pixel values match between adjacent
pixels on the line data (hereinafter referred to as “matching
frequency”). For example, such matching frequency is
expressed by the number or percentage of pixels of which
the pixel values match other adjacent pixels.

Here, the sampling interval of the measurement object of
the matching frequency may be widely set like a four-pixel
interval or an eight-pixel interval, for example. In this case,
it is possible to reduce a processing load.

Moreover, since only the higher-order bits of pixel data
become the object of clock gating control, it is desirable that
correlation level detection section 108a calculates the
matching frequency only from the data of the higher-order
bits. By this means, not only the reduction in the processing
load and the increase in the processing speed but also
appropriate determination of clock gating control can be
realized.

Further, correlation level detection section 108a outputs
the measured matching frequency to comparison processing
mode control section 111a as a correlation level of the area
in which the matching frequency is measured.

Comparison processing mode control section 111a stops
the operation of comparison circuits of first to third filters
103, 104 and 106 in a segment in which the correlation level
is low.

To be more specific, comparison processing mode control
section 111a holds the correlation level input from correla-
tion level detection section 108a. Further, in a case where the
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held correlation level is equal to or greater than a predefined
threshold, comparison processing mode control section 111a
decides a comparison processing mode to be a mode to
perform comparison operation (ON). That is, this is a case
where there are comparatively many chances to perform
clock gating and the significance of the comparison opera-
tion is high.

Moreover, in a case where the held correlation level is less
than the predefined threshold, comparison processing mode
control section 111a decides the comparison processing
mode to be a mode not to perform the comparison operation
(OFF). That is, this is a case where there are comparatively
few chances to perform clock gating and the significance of
the comparison operation is low.

Further, comparison processing mode control section
111a controls first to third filters 103, 104 and 106 such that
the decided comparison processing mode is realized.

For example, in a case where the matching frequency
measurement by correlation level detection section 108a is
performed on a per pixel line basis, comparison processing
mode control section 111a decides the comparison process-
ing mode for every line data. Moreover, in comparison
processing mode control section 111a, when line data of a
pixel line in which the matching frequency based on the
decision is measured is processed by first to third filters 103,
104 and 106, the decided comparison processing mode is
realized.

Here, image data to be input to second filter 104 and third
filter 106 is image data processed in the first filter. Therefore,
there is a case where the tendency of the matching frequency
measured in correlation level detection section 1084 depend-
ing on the processing content cannot be applied to such
image data.

In a case where the tendency of the matching frequency
cannot be applied, for example, image processing circuit
100a may have a configuration in which the control targets
of the comparison processing mode by comparison process-
ing mode control section 111a exclude second filter 104 and
third filter 106. Alternatively, image processing circuit 100a
may have a configuration in which a correlation level
detection section with respect to third filter 106 is separately
added between second filter 104 and the second line buffers
105.

Moreover, the present embodiment assumes a case where
line data of four lines is input from first line buffer 102 for
line processing in first filter 103. In this case, it is conceiv-
able to perform a control to turn OFF the comparison
processing mode in a case where the average value of the
matching frequencies of input four-line data measured
beforehand in correlation level detection section 108a is
lower than a set threshold, and a control to turn ON the
comparison processing mode in a case where it is equal to
or greater than the threshold.

Similar to Embodiment 1, the pipeline registers of first to
third filters 103, 104 and 106 are provided for every higher-
order bit flip-flop circuit. However, the comparison circuit
receives an input of a control signal (CmpMode) and
switches ON/OFF of comparison operation according to the
signal. Above-mentioned comparison processing mode con-
trol section 111a controls the comparison processing modes
of first to third filters 103, 104 and 106 by inputting this
control signal (CmpMode) in each comparison circuit.

In the present embodiment, in a case where the compari-
son processing mode is turned off, comparison processing
mode control section 111a outputs a control signal (Cmp-
Mode) of 0. Further, in a case where the comparison
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processing mode is turned on, comparison processing mode
control section 111a outputs a control signal (CmpMode) of
“ »

<Configuration of Pipeline Register>

FIG. 11 is a circuit configuration diagram illustrating an
example of the configuration of a pipeline register according
to the present embodiment, which corresponds to FIG. 5 in
Embodiment 1. The same reference numerals are assigned to
the same parts as FIG. 5 and the explanation thereof is
omitted.

As illustrated in FIG. 11, pipeline register 400a according
to the present embodiment has comparison circuit 403a in
place of comparison circuit 403 in FIG. 5. Comparison
circuit 403a switches ON/OFF of comparison operation
according to a control signal (CmpMode) to be received
from comparison processing mode control section 111a.

<Configuration of Comparison Circuit>

FIG. 12 is a circuit configuration diagram illustrating an
example of the configuration of comparison circuit 403a
according to the present embodiment, which corresponds to
FIG. 6 in Embodiment 1. The same reference numerals are
assigned to the same parts as FIG. 6 and the explanation
thereof is omitted.

As illustrated in FIG. 12, comparison circuit 403a accord-
ing to the present embodiment has input fixation circuit 430a
on the input side of a group of EXOR gates 411. Input
fixation circuit 430a is a gate that fixes the input signal
values of the group of EXOR gates 411 by the control signal
(CmpMode) from comparison processing mode control sec-
tion 111a.

Input fixation circuit 430a has a configuration in which
AND gates 431a each configured to find the logical product
of the control signal (CmpMode) and a corresponding input
signal except for higher-order bit output value outD3 are
inserted. Here, the input signals except for higher-order bit
output value outD3 are higher-order bit input values inD3 to
inD7 and higher-order bit output values outD4 to outD7.
Moreover, input fixation circuit 430a has a configuration in
which OR gate 4324 that finds the logical add of the control
signal (CmpMode) for inverter gate insertion and higher-
order bit output value outD3 is inserted.

In a case where the control signal (CmpMode) is “0,”
comparison circuit 4034 having such input fixation circuit
430q fixes a signal after the group of EXOR gates 411 and
sets the output signal (nCmp) to 1. As a result, the compari-
son result shows that they always mismatch, and a state
where clock gating is not performed is applied.

When there is low frequency that the higher-order bit
input value and the higher-order bit output value are the
same, the power consumption in unnecessary comparison
operation may exceed the power consumption in unneces-
sary flip-flop operation as a whole. Therefore, in image
processing circuit 100q, by limiting the comparison opera-
tion in this way when it is necessary, it is possible to further
reduce the power consumption.

Here, in a case where the control signal (CmpMode) is
“1,” similar to Embodiment 1, image processing circuit 100a
performs a comparison operation of comparison circuit 403a
and clock gating operation according to the comparison
result.

As described above, image processing circuit 100a
according to the present embodiment acquires the correla-
tion level indicating the matching frequency between adja-
cent pixels from image data, and stops the comparison
operation in a segment in which the correlation level is low.
In other words, image processing circuit 100a measures the
matching frequency beforchand in an image area of image
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data to be processed in the future, and turns off a comparison
processing mode on the basis of the measured matching
frequency.

That is, image processing circuit 100a adaptively
excludes a period in which the matching frequency of the
higher-side bits of the matching detection targets is low,
from the targets of clock gating processing. In other words,
image processing circuit 100a adaptively excludes a period
in which there are few chances to perform clock gating and
the power saving effect causes a negative effect, from the
targets of clock gating processing.

By this means, image processing circuit 100a according
to the present embodiment can further reduce the power
consumption in pipeline processing on image data.

Here, the measurement of the matching frequency that is
the correlation level may be performed outside image pro-
cessing circuit 100q. In this case, image processing circuit
100a only has to receive the matching frequency from the
outside.

Moreover, image processing circuit 100a may acquire the
correlation level from information other than the matching
frequency, such as the category of image data.

For example, with respect to image data of a category
with a large percentage of a segment in which an image does
not change such as a movie, image processing circuit 100a
may determine that the correlation level is high on the basis
of the category. Further, with respect to image data of a
category with a small percentage of a segment in which an
image does not change such as a shooting game, image
processing circuit 100a may determine that the correlation
level is low on the basis of the category.

Moreover, in a case where the measurement result of
matching frequency is reflected to image data itself that is a
measurement target, above-mentioned first line buffer 102
requires a capacity to store image data for the measurement
unit of the matching frequency. Alternatively, in a case
where the measurement is performed outside image process-
ing circuit 1004, a processing delay may occur.

Therefore, image processing circuit 100a need not nec-
essarily reflect the measurement result of the matching
frequency to the image data itself that is the measurement
target. That is, image processing circuit 100a may reflect the
measurement result of the matching frequency to another
subsequent image data.

In this case, for example, image processing circuit 100a
controls a comparison processing mode on the basis of the
matching frequency measured from the previous frame. That
is, for example, in correlation level detection section 108a,
image processing circuit 100a reuses the correlation level
detected in other frames.

In the case of continuous images, there are few cases
where the matching frequency greatly changes between
temporally close frames (that is, the correlation between
frames is high). Therefore, even in this case, image process-
ing circuit 100a can realize the above-mentioned power
saving while preventing the deterioration of image quality of
an image acquired as a result of image processing.

Here, image processing circuit 100a may control the
comparison processing mode on the basis of the matching
frequency detected in a past frame earlier than the previous
frame. However, the correlation of the matching frequency
is higher between temporally closer frames. Therefore, in
image processing circuit 100qa, it is desirable to use the
matching frequency detected in temporally closer frames.

Embodiment 3

Embodiment 3 of the present invention is an example
where, by using the output of one comparison circuit for the
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other, the operation of the other comparison circuit is
stopped between the left-eye image data and right-eye image
data of a stereo image.

<Overall Configuration of Image Processing Circuit>

FIG. 13 is a configuration diagram illustrating an example
of'the configuration of an image processing circuit according
to the present embodiment, which corresponds to FIG. 1 in
Embodiment 1. The same reference numerals are assigned to
the same parts as FIG. 1 and the explanation thereof is
omitted.

In FIG. 13, image processing circuit 1005 according to the
present embodiment receives left-eye image data and right-
eye image data. The left-eye image data is data of the
left-eye image (L. image) of a stereo image (3D image). The
right-eye image data is data of the right-eye image (R image)
of the stereo image.

Image processing circuit 1005 has two each of first line
buffer 102, first filter 103 and second filter 104 in FIG. 1 for
the left-eye image data and the right-eye image data. That is,
image processing circuit 1005 has an image processing
section for the left-eye image and an image processing
section for the right-eye image in parallel.

In the following, first line buffer 102, first filter 103 and
second filter 104 for the left-eye image data are referred to
as “left first line buffer 102L,” “left first filter 1031 and
“left second filter 1041,” in this order. Left first filter 103L
and left second filter 104L. are a left-eye image processing
section that performs pipeline processing on the left-eye
image data having pixel data of N bits (N is an integer equal
to or greater than two).

Moreover, first line buffer 102, first filter 103 and second
filter 104 for the right-eye image data are referred to as
“right first line buffer 102R,” “right first filter 103R” and
“right second filter 104R” in this order. Right first filter 103R
and right second filter 104R are a right-eye image processing
section that performs pipeline processing on the right-eye
image data having pixel data of N bits (N is an integer equal
to or greater than two).

Further, image processing circuit 1005 has input timing
adjustment circuit 1095 on the way from left first line buffer
1021, and right first filter 103R to left first filter 1031, and
right first filter 103R.

Moreover, image processing circuit 1006 has control
section 1104 including right/left gap pixel number setting
section 1125 and comparison processing mode setting sec-
tion 1134, in place of control section 110 in FIG. 1.

Here, second line buffer 105 and third filter 106 illustrated
in FIG. 1 are not installed in the present embodiment, these
may be installed for the left eye image and the right eye
image.

Input timing adjustment circuit 1095 adjusts at least one
of the input timing of the left-eye image data to the left eye
image processing section and the input timing of the right-
eye image data to the right eye image processing section. To
be more specific, input timing adjustment circuit 1095
performs the above-mentioned adjustment such that the
image processing in the left-eye image processing section
and the image processing in the right-eye image processing
section are simultaneously performed on a corresponding
pixel pair between the left-eye image and the right-eye
image. Input timing adjustment circuit 10956 performs this
adjustment for every predetermined image unit with refer-
ence to a pixel line, for example, for every line data or every
frame.

Moreover, input timing adjustment circuit 1095 performs
this adjustment on the basis of the right/left gap pixel
number which is described later and set by right/left gap
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pixel number setting section 1125. To be more specific, input
timing adjustment circuit 1095 adjusts the output timing of
at least one of the left-eye image data and the right-eye
image data by the right/left gap pixel number in a direction
in which the right/left gap pixel number becomes zero in
output data.

Right/left gap pixel number setting section 1126 acquires
the pixel number corresponding to the gap amount in the
corresponding pixel pair between the left-eye image and the
right-eye image in predetermined units of images. Further,
right/left gap pixel number setting section 1125 sets the
acquired pixel number to input timing adjustment circuit
1095 as a right/left gap pixel number. The corresponding
pixel pair is a pair of pixels that display the same target
between the left-eye image and the right-eye image, or a pair
of pixels that are assumed to display the same target. In the
corresponding pixel pair, there is a tendency that the match-
ing/mismatching of pixel values in adjacent pixels is likely
to be common.

To be more specific, for example, right/left gap pixel
number setting section 1125 calculates depth information of
the left-eye image or the right-eye image in another pro-
cessing. Further, right/left gap pixel number setting section
1125 calculates the right/left gap pixel number from param-
eters of the intermediate processing result to be extracted at
that time or from the depth information. Here, for example,
right/left gap pixel number setting section 1124 may calcu-
late the right/left gap pixel number on the basis of param-
eters related to image generation such as the imaging
conditions of the stereo image and the viewpoint distance
and parallax that are generation conditions.

Comparison processing mode setting section 1135 stops
the operation of the comparison circuit of at least one of the
left eye image processing section and the right eye image
processing section. Further, comparison processing mode
setting section 1135 causes one clock gating control circuit
to use the determination result of the other comparison
circuit. That is, comparison processing mode setting section
1135 also uses the determination result of the comparison
circuit of one of the lefi-eye image processing section and
the right-eye image processing section for the other filter.
Further, after the determination result of the comparison
circuit is designed to be used in the other filter, comparison
processing mode setting section 1136 does not operate the
comparison circuit of the other filter (hereinafter referred to
as “appropriation of comparison result”).

To be more specific, comparison processing mode setting
section 1136 decides whether to divert the comparison
result. Further, comparison processing mode setting section
1135 outputs a mode signal (CmpMode_3D) showing the
decision result to each pipeline register of the right-eye
image processing section. The mode signal (CmpMode_3D)
takes a value of 0 when the comparison result is not diverted,
and takes a value of 1 when the comparison result is
diverted. The mode signal (CmpMode_3D) is a common
mode signal in each pipeline register of the right eye image
processing section.

Further, comparison processing mode setting section 1135
outputs the control signal (CmpMode) that switches
ON/OFF of comparison operation, which is described in
Embodiment 2. For example, the control signal (CmpMode)
becomes “1” when the comparison result is not diverted, and
becomes “0” when the comparison result is diverted.

Here, left first filter 1031 and right first filter 103R have
almost the same configuration. Moreover, left second filter
1041 and right second filter 104R have almost the same
configuration. In the following, expression “the other” is
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used for structurally symmetrical filters between left first
filter 103L to left second filter 1041 and right first filter 103R
to right second filter 104R.

Moreover, expression “corresponding” is used for struc-
turally symmetrical (same position) circuit parts between
left first filter 103L to left second filter 1041, and right first
filter 103R to right second filter 104R.

However, the comparison circuit configuration varies
between left first filter 1031, to left second filter 1041 and
right first filter 103R to right second filter 104R. Further, in
image processing circuit 1005, the output result of each
comparison circuit of left first filter 1031, and left second
filter 1041 is connected to the comparison circuits corre-
sponding to right first filter 103R and right second filter
104R.

Here, it is assumed that left first filter 1031, to left second
filter 1041 and right first filter 103R to right second filter
104R process image data of one line of the left-eye image
and the right-eye image at the same time.

In the following, the common part in the configuration of
each data path of left first filter 103L and left second filter
104L. is expressed as “left data path 3005L.” Moreover, the
common part in the configuration of each data path of right
first filter 103R and right second filter 104R is referred to as
“right data path 3006R.”

<Internal Configuration of Data Path>

FIG. 14 is a circuit configuration diagram illustrating an
example of the configurations of left data path 30051 and
right data path 3006R, which corresponds to FIG. 4 in
Embodiment 1. The same reference numerals are assigned to
the same parts as FIG. 4 and the explanation thereof is
omitted.

As illustrated in FIG. 14, output signals (nCmpL) from
the comparison circuits of pipeline registers 301A to 314A
of left data path 3005L are input in corresponding pipeline
registers 301D to 314B of right data path 3006R.

The configuration of each of pipeline registers 301A to
314A of left data path 30051 can be assumed to be similar
to Embodiment 1 or Embodiment 2. On the other hand, the
configuration of each of pipeline registers 301D to 314B of
right data path 3005R is different from Embodiment 1 and
Embodiment 2 in the comparison circuit. In the following,
the common part in the configurations of the comparison
circuits in pipeline registers 301D to 314B of right data path
30054R is expressed as “comparison circuit 4035.”

<Configuration of Comparison Circuit>

FIG. 15 is a circuit configuration diagram illustrating an
example of the configuration of comparison circuit 4035,
which corresponds to FIG. 6 in Embodiment 1 and FIG. 12
in Embodiment 2. The same reference numerals are assigned
to the same parts as FIG. 6 and FIG. 12, and the explanation
thereof is omitted.

As illustrated in FIG. 15, comparison circuit 4035 has
selector 4415 on the output side of OR gate 412.

Selector 4415 switches the output signal (nCmpR) of OR
gate 412 and the output signal (nCmpl.) from the compari-
son circuit corresponding to the other filter, and outputs it as
an output signal (nCmp) to a clock gating control circuit on
the subsequent stage. Selector 4415 receives a mode signal
(CmpMode_3D) from comparison processing mode setting
section 1135 as a selection signal and switches the output
signal on the basis of this mode signal.

To be more specific, for example, when the mode signal
(CmpMode_3D) is “0,” selector 4415 outputs the output
signal (nCmpR) of OR gate 412. Moreover, when the mode
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signal (CmpMode_3D) is “1,” selector 4415 outputs the
output signal (nCmpl.) from the comparison circuit corre-
sponding to the other filter.

Moreover, when the control signal (CmpMode) from
comparison processing mode setting section 1135 is “0,”
comparison circuit 4035 fixes input signals of a group of
EXOR gates 411 and OR gate 412 by input fixation circuit
430a of comparison circuit 40356. This is as described in
Embodiment 2. As mentioned above, the control signal
(CmpMode) becomes “0” when the mode signal
(CmpMode_3D) becomes “1.”

Therefore, when receiving control from comparison pro-
cessing mode setting section 1135, comparison circuit 4035
can stop its own operation by appropriating the determina-
tion result of the corresponding comparison circuit. On the
other hand, pixel data of the corresponding pixel pair is input
in two mutually corresponding comparison circuits at the
same time by the function of input timing adjustment circuit
1094. Further, the pixel data of the corresponding pixel pair
has a high correlation, and the matching/mismatching of
pixel values in adjacent pixels is common at high probabil-
ity.

Therefore, as compared with a case where the configu-
ration described in Embodiment 1 or Embodiment 2 applies
to image processing of a stereo image without any change,
image processing circuit 1005 can further reduce the number
of operating comparison circuits. That is, even for image
processing of the stereo image, image processing circuit
1004 can avoid an increase in power consumption.

However, the actual right/left gap pixel number of the
corresponding pixel pair is not necessarily constant depend-
ing on the image. Therefore, the matching/mismatching of
pixel values in adjacent pixels of the corresponding pixel
pair is not necessarily common. Therefore, in a case where
the image processing timing is adjusted in units of pixel lines
or units of frames, there is a case where the comparison
result is diverted though the matching/mismatching of the
pixel values in the adjacent pixels of the corresponding pixel
pair is not correct. Then, in such case, as compared with a
case where such appropriation is not performed, deteriora-
tion of a stereoscopic image to be acquired by image
processing may be caused.

Therefore, based on whether the actual right/left gap pixel
number of the corresponding pixel pair is constant, com-
parison processing mode setting section 1135 may decide
whether to divert the comparison result. Alternatively, based
on whether the level at which the actual right/left gap pixel
number of the corresponding pixel pair is not constant is
allowable in a use case, comparison processing mode setting
section 1135 may decide whether to divert the comparison
result. The use case in which the inconstant level is allow-
able is, for example, a case where low power consumption
that allows image degradation is prioritized.

As described above, after adjusting the input timing of
left-eye image data and right-eye image data to the image
processing section, image processing circuit 1005 according
to the present embodiment diverts the result of the compari-
son circuit of the left image processing section as an output
of the corresponding comparison circuit of the right image
processing section. By this means, image processing circuit
1004 can perform pipeline processing on image data of the
stereo image with further reduced power consumption.

Here, in the present embodiment, image processing circuit
10056 has a configuration in which the result of the compari-
son circuit of the left image processing section is diverted to
the right image processing section, but an opposite configu-
ration is also possible. That is, image processing circuit 1005
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may have a configuration in which the result of the com-
parison circuit of the right image processing section is
diverted to the left image processing section.

Here, for example, a specific configuration of the image
processing circuit such as the connection position and num-
ber of line buffers and the connection position and number
of filters is not limited to the configurations described in the
above-mentioned embodiments. Moreover, the image con-
version processing performed in each filter is not limited to
the processing described in each of the embodiments
described above, and any image conversion processing can
be employed as long as the processing is performed on line
data in a pipelined manner. As a specific example of such
image conversion processing, enlargement processing,
reduction processing, feature amount extraction processing
and color replacement processing can be cited.

As has been described above, the image processing circuit
according to this disclosure includes: an input section that
receives, as input, image data having pixel data of N bits (N
is an integer equal to or greater than two); an image
processing section that performs pipeline processing on the
image data based on a clock signal; and an output section
that outputs data acquired by the pipeline processing, in
which the image processing section comprises a pipeline
register, in which the pipeline register includes: a higher-
order n-bit register that receives, as input, data of higher-
order n-bits of held data; a lower-order 1-bit register that
receives, as input, lower-order 1-bit data of the held data; a
comparison circuit that determines whether an input value of
the higher-order n-bit register and an output value of the
higher-order n-bit register are identical; and a clock gating
control circuit that controls supply of the clock signal to the
higher-order n-bit register such that the clock signal is not
supplied to the higher-order n-bit register when the com-
parison circuit determines that the input value and the output
value are identical, in which the pipeline register comprises
no circuit which controls the supply of the clock signal to the
lower-order 1-bit register and holds image data or an opera-
tion result in the course of pipeline processing.

The image processing circuit may include: a correlation
level detection section that acquires a correlation level
indicating a matching frequency between adjacent pixels of
the image from the image data; and a comparison processing
mode control section that stops operation of the comparison
circuit in a segment in which the correlation level is low.

In the image processing circuit, the correlation level
detection section acquires the correlation level, using one
frame forming the image or a division area resulting from
division of the frame, as a unit.

In the image processing circuit, the correlation level
detection section diverts the correlation level detected in
another frame.

In the image processing circuit, the image data includes
left-eye image data and right-eye image data of a stereo
image, and the image processing section includes: a left-eye
image processing section that performs the pipeline process-
ing on the left-eye image data; and a right-eye image
processing section that performs the pipeline processing on
the right-eye image data, and the image processing circuit
may further include: an input timing adjustment circuit that
adjusts, for each pixel line, at least one of an input timing of
the left-eye image data to the left-eye image processing
section and an input timing of the right-eye image data to the
right-eye image processing section such that the pipeline
processing in the left-eye image processing section and the
pipeline processing in the right-eye image processing sec-
tion are performed on a corresponding pixel pair between
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the left-eye image and the right-eye image at a same time;
and a comparison processing mode setting section that stops
operation of the comparison circuit of at least one of the
left-eye image processing section and the right-eye image
processing section, and that causes the clock gating control
circuit of the one image processing section to use a deter-
mination result of the comparison circuit of the other image
processing section.

The image processing circuit may further include a plu-
rality of the image processing sections provided for respec-
tive color components forming pixel data to be processed, in
which pipeline registers included in the plurality of the
image processing sections may have a different bit range of
data to be input to the higher-order n-bit register.

A semiconductor integrated circuit according to this dis-
closure includes the image processing circuit.

The disclosure of Japanese Patent Application No. 2011-
274303, filed on Dec. 15, 2011, including the specification,
drawings and abstract, is incorporated herein by reference in
its entirety.

INDUSTRIAL APPLICABILITY

The present invention is effective as an image processing
circuit and semiconductor integrated circuit which can per-
form pipeline processing on image data in a state where the
power consumption is reduced. That is, the present invention
is suitable for a device having a function of performing
conversion processing such as enlargement processing,
reduction processing, deformation processing and image
quality adjustment processing, on image data, and recording
or displaying the processed image data. Especially, the
present invention is suitable for portable devices such as a
mobile phone, a tablet, a portable TV and a notebook PC, or
stationary devices such as a digital TV, a DVD/BD recorder,
a desktop PC and an in-vehicle navigation device.

REFERENCE SIGNS LIST

100, 100a, 1005 Image processing circuit

101 Input DMA

102 First line buffer

102L Left first line buffer

102R Right first line buffer

103 First filter

103L Left first filter

103R Right first filter

104 Second filter

104L Left second filter

104R Right second filter

105 Second line buffer

106 Third filter

107 Output DMA

108a Correlation level detection section

1094 Input timing adjustment circuit

110, 1104, 1105 Control section

111a Comparison processing mode control section
1125 Right/left gap pixel number setting section
1135 Comparison processing mode setting section
200 Filter

201 First data path

202 Second data path

203 Third data path

204 Data path

300 Data path

30051 Left data path

3005R Right data path
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301A to 314B Pipeline register

321 to 323, 321A to 323B Operation circuit
400, 400a Pipeline register

401 Higher-order bit flip-flop circuit
402 Lower-order bit flip-flop circuit
403, 4034, 4035 Comparison circuit
404 Clock gating control circuit
430q Input fixation circuit

411 EXOR gate

412, 4324 OR gate

421 Latch circuit

422, 431a AND gate

441b Selector

The invention claimed is:

1. An image processing circuit comprising:

an input section that receives, as input, image data having
pixel data of N bits (N is an integer equal to or greater
than two);

an image processing section that performs pipeline pro-
cessing with respect to the image data based on a clock
signal; and

an output section that outputs data acquired by the pipe-
line processing, wherein

the image processing section comprises:

a higher-order n-bit register that receives, as input, data
of higher-order n-bits among the pixel data having
the image data on which the pipeline processing is
performed by the image processing section;

a lower-order 1-bit register that receives, as input,
lower-order 1-bit data which is different from the
data of higher-order n-bits among the pixel data;

a comparison circuit that inputs an input value of the
higher-order n-bit register and an output value of the
higher-order n-bit register among an input value and
an output value for the higher-order n-bit register and
the lower-order 1-bit register, and determines
whether the input value of the higher-order n-bit
register and the output value of the higher-order n-bit
register are identical; and

a clock gating control circuit that controls supply of the
clock signal to the higher-order n-bit register such
that the clock signal is not supplied to the higher-
order n-bit register when the comparison circuit
determines that the input value and the output value
are identical, and

a pipeline register that includes no circuit which con-
trols the supply of the clock signal to the lower-order
1-bit register and holds image data or an operation
result in the course of the pipeline processing,

the image processing circuit further comprising:

a correlation level detection section that acquires a cor-
relation level indicating a matching frequency between
adjacent pixels of the image from the image data; and

a comparison processing mode control section that stops
operation of the comparison circuit in a segment in
which the correlation level is low.

2. The image processing circuit according to claim 1,
wherein the correlation level detection section acquires the
correlation level, using one frame forming the image or a
division area resulting from division of the frame, as a unit.

3. The image processing circuit according to claim 2,
wherein the correlation level detection section diverts the
correlation level detected in another frame.

4. An image processing circuit comprising:

an input section that receives, as input, image data having
pixel data of N bits (N is an integer equal to or greater
than two);
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an image processing section that performs pipeline pro-

cessing with respect to the image data based on a clock
signal; and

an output section that outputs data acquired by the pipe-

line processing, wherein

the image processing section comprises:

a higher-order n-bit register that receives, as input, data
of higher-order n-bits among the pixel data having
the image data on which the pipeline processing is
performed by the image processing section;

a lower-order 1-bit register that receives, as input,
lower-order 1-bit data which is different from the
data of higher-order n-bits among the pixel data;

a comparison circuit that inputs an input value of the
higher-order n-bit register and an output value of the
higher-order n-bit register among an input value and
an output value for the higher-order n-bit register and
the lower-order 1-bit register, and determines
whether the input value of the higher-order n-bit
register and the output value of the higher-order n-bit
register are identical;

a clock gating control circuit that controls supply of the
clock signal to the higher-order n-bit register such
that the clock signal is not supplied to the higher-
order n-bit register when the comparison circuit
determines that the input value and the output value
are identical; and

a pipeline register that includes no circuit which con-
trols the supply of the clock signal to the lower-order
1-bit register and holds image data or an operation
result in the course of the pipeline processing,
wherein

the image data includes left-eye image data and right-eye

image data of a stereo image, and
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the image processing section comprises:
a left-eye image processing section that performs the
pipeline processing on the left-eye image data; and
a right-eye image processing section that performs the
pipeline processing on the right-eye image data,
the image processing circuit further comprising:

an input timing adjustment circuit that adjusts, for each

pixel line, at least one of an input timing of the left-eye
image data to the left-eye image processing section and
an input timing of the right-eye image data to the
right-eye image processing section such that the pipe-
line processing in the left-eye image processing section
and the pipeline processing in the right-eye image
processing section are performed on a corresponding
pixel pair between the left-eye image and the right-eye
image at a same time; and

a comparison processing mode setting section that stops

operation of the comparison circuit of at least one of the
left-eye image processing section and the right-eye
image processing section, and that causes the clock
gating control circuit of the one image processing
section to use a determination result of the comparison
circuit of the other image processing section.

5. The image processing circuit according to claim 1,
further comprising a plurality of the image processing
sections provided for respective color components forming
pixel data to be processed, wherein pipeline registers
included in the plurality of the image processing sections
have a different bit range of data to be input to the higher-
order n-bit register.

6. A semiconductor integrated circuit comprising the
image processing circuit according to claim 1.
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